0 2
the quantity and quality of light (Pieruschka and Poorter, 2012) . Finally, because leaf 1 0 3 thickness varies on a continuous spectrum and is not associated with any particular 1 0 4 phylogenetic lineage or growth habit, mechanistic questions regarding its patterning need 1 0 5
to be addressed in a taxon-specific manner. 1 0 6 1 0 7
With these considerations in mind, we used two members of the tomato clade (Solanum 1 0 8 sect. Lycopersicon), which are closely related, morphologically distinct, and occupy 1 0 9 distinct environments (Nakazato et al., 2010) to study the genetic basis and 
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to "photosynthesis" (GO:0015979) and "translation" (GO:0006412), while down-3 2 5 regulated genes at this stage are enriched for terms relating to "DNA binding" 3 2 6
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stage, we used a clustering approach to group regulators and select co-expressed gene 3 5 9 sets according to expression profiles. For these analyses, we also included P2 DEGs (IL 3 6 0 vs M82) to ensure continuity of expression profiles (Dataset S9). This approach allowed 3 6 1 us to examine a more dynamic view of early developmental processes. The resulting 3 6 2 networks (Dataset S9) feature a putative auxin responsive TF AUX/IAA 12g 3 6 3 (Solyc12g096980) for both ILs (Fig. 7E, F) . Moreover, the AUX/IAA 12g sub-network 3 6 4 or IL2-5 includes the SHR-like GRAS domain TF that is up-regulated during leaf 3 6 5 development in both ILs (GRAS 08g, Solyc08g014030) (Fig. 6A, Fig. 7E ). Leaf thickness has a complex genetic architecture in desert-adapted tomato and is 3 6 9 associated with overall leaf shape, desiccation tolerance, and decreased yield 3 7 0
While extensive progress has been made dissecting the molecular-genetic patterning of 3 7 1 two-dimensional leaf morphology, relatively little is known about the third dimension of 3 7 2 leaf shape -thickness. Here, we used a custom-built dual confocal profilometer to obtain 3 7 3 direct measurements of leaf thickness across the S. pennellii x S. lycopersicum IL panel 3 7 4 (Eshed and Zamir, 1995) (Fig. 1, Fig. S1 ) and identified QTL for this trait ( Fig. 2A) Leaf thickness is significantly correlated with leaf shape traits such as aspect ratio and the 3 9 7
first two principal components of elliptical Fourier descriptors of overall shape. However, 3 9 8 our data do not establish whether this correlation reflects a common patterning 3 9 9 mechanism or developmental and/or mechanical constraints among these traits. 
6 6
Specifically, among a small set of shared differentially expressed genes is a GRAS-4 6 7 domain TF GRAS 08g (Solyc08g014030) up-regulated at P2 in both lines ( Since we observed a set of shared DEGs in lines 2-5 and 4-3, we hypothesized that 4 9 8 general patterns of leaf ontogeny may also be shared between these lines, suggesting a 4 9 9 core shared trajectory of leaf thickness patterning. However, we found that Dynamic expressed throughout leaf development in IL2-5 (Fig. S6, Fig. 7A,B thickness, such as the patterning of leaf complexity and leaflet shape in IL4-3.
2 7
Alternatively, it is also possible that the core mechanism of leaf thickness patterning is 22, 2017; 1 9 observation supporting this model is the fact that IL2-5 and IL4-3 have non-overlapping 5 3 2 sets of cell cycle related DEGs. This hypothesis is consistent with the additive 5 3 3 phenotypes of IL2-5/IL4-3 double homozygotes (Fig. 4, Fig. S4 ), whereby IL-specific 5 3 4 regulators may converge on a common set of targets to regulate cell size and shape, and 5 3 5 ultimately leaf thickness. 
0 3
Only effects with significant variance (p < 0.05) were included in the final models. For 6 0 4 elemental composition data, leaf age ("young" and "old") was also included as a random 6 0 5 effect unless the variance due to age was the greatest source of variance; in such cases, 
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3 1
Plots of event count as a function of fluorescence area were used to estimate the 6 3 2
proportion of nuclei of sizes corresponding to 2C, 4C, and 8C in each genotype. 6 3 3 6 3 4
Confocal microscopy, 3D-reconstructions, and organ volume quantification 6 3 5
For mature leaf cross-sections, field-grown leaves were fixed in FAA (4 % formaldehyde, 6 3 6
5 % glacial acetic acid, 50 % ethanol), vacuum infiltrated, dehydrated through an ethanol 6 3 7
series, rehydrated to 100 % water, stained in 0.002 % propidium iodide (Thermo Fisher, 6 3 8 P21493) for 2 hours, dehydrated to 100 % ethanol, and finally cleared in 100 % methyl compute the centroid point to each set. We fit a cubic function by fixing two end-point 6 6 6 constraints to those centroid points to get a smooth principle median axis. Note that the 6 6 7 two end points were manually adjusted to correct for artifacts. . CC-BY-NC-ND 4.0 International license peer-reviewed) is the author/funder. It is made available under a The copyright holder for this preprint (which was not . http://dx.doi.org/10.1101/111005 doi: bioRxiv preprint first posted online Feb. 22, 2017;  
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Figure Legends

